We have employed first principle Density Functional Theory (DFT) investigations to study the physical and electronic properties of 4-Azidomethyl-6-isopropyl-2H-chromen-2-one, C13H13N3O2. Complete geometry optimization calculations were carried out to find local energy minimum of the molecular system using the B3LYP approach with a variety of basis sets. The optimized geometries were then used to determine the HOMO-LUMO gaps, Mulliken atomic charges, and others. Our calculation results show that the computed geometrical properties of C13H13N3O2 cluster model are in good agreement with the corresponding measured experimental value. The calculated energies obtained are close to each other using the B3LYP density functional method combined with a variety of basis sets. Furthermore, using B3LYP/6-31G** method, the oxygen-attached carbon, C2 atom has the highest positively charge, with the corresponding value of +0.59. For both oxygen atoms (O1 and O2), the calculated charge values obtained are about -0.52 and -0.46, respectively.
Introduction
In recent years, the substituted coumarin derivatives have been shown to possess great potential for usage in the fields of chemistry, polymer science, biology, medicine, and others [1] [2] [3] [4] [5] [6] [7] [8] . A large number of experiment investigations [7, 8] have been carried out on the substituted coumarin derivatives, namely X-ray crystallography, IR, Raman spectroscopy, and others. For example, using IR and NMR techniques, Dekic et al. [8] studied the dynamic properties of new coumarin derivatives, which can be prepared by reaction of 4-chloro-2-oxo-2H-chromene-3-carbonitrile with 4-methyl-pyridin-2-ylamine and 6-methoxybenzothiazol-2-ylamine. In 2015, the new crystal structure of C 13 H 13 N 3 O 2 was determined by X-ray crystallography method which investigated by Krishnamurthy et al. [7] . Furthermore, there have been a variety of theoretical studies [3, 6] on the substituted coumarin derivatives. First principle DFT simulation approach is one of the most popular computational tools for studying, predicting the geometric and electronic structures of the molecular systems nowadays [6, 9, 10] . In 2009, Subramanian et al. [6] employed the HartreeFock (HF) and DFT methods to investigate the geometric parameters, energies, and vibrational wave numbers of 7-amino-4-trifluoromethyl coumarin compound, respectively. As far as we know there are no computational studies in the literature of C 13 H 13 N 3 O 2 cluster model. In this study, based on the results obtained from first principle DFT calculations, we only focus on the geometric and electronic structures of C 13 H 13 N 3 O 2 . The details of the computational methodology, results, discussion, and summary are provided in the following sections.
Computational methodology
All computational calculations were carried out with the Gaussian 09 program package [11] using first principle Density Functional Theory (DFT) simulation approach. In this investigation, a single molecule of C 13 H 13 N 3 O 2 was chosen to simulate the local host environment. Fig. 1 shows the atomic labelling of C 13 H 13 N 3 O 2 with the corresponding numbering scheme. Using the C 13 H 13 N 3 O 2 cluster model, geometry optimization calculations were performed to determine the local energy minimum of the molecular system with the B3LYP functional calculations employing with a variety of basis sets (6-31G, 6-31++G, 6-31G**, 6-31++G**, 6-311G, 6-311++G, 6-311G**, and 6-311++G**). The corresponding optimized molecular geometries were then used to evaluate the HOMO-LUMO gaps. In addition, single point calculations with the B3LYP/6-31G** level of theory were also performed 
Results and discussion
For the molecular cluster of C 13 H 13 N 3 O 2 , the optimized geometrical parameters (bond lengths, bond angles, and dihedral angles) are illustrated in Table 1 . Compared with the experimental results, all the computed data are quite consistent with the experiment which presented by Subramanian et al. [8] . Furthermore, it can be clearly observed from the table that the calculated bond lengths in the case of B3LYP functional with 6-31G**, 6-31++G**, 6-311G**, and 6-311++G** basis sets are the closest with those of experiment values. The corresponding bond values obtained are only different with those of experimental data in the range of 0.1% -1.4%. As can see from the table, the bond length of C 3 -C 4 has the shortest value among the C-C bonds in the C 13 H 13 N 3 O 2 cluster model, and the order of this C-C bond is 2. While the other bond lengths, namely C 2 -C 3 , C 5 -C 6 , C 6 -C 7 , C 8 -C 9 , C 9 -C 10 , and C 5 -C 10 obtained are close to all C-C values in organic benzene. These C-C bonds have half a − π bond and one − σ bond. Yet, the bond orders for these C-C bonds are then equal to 1.5. For the case of the bond angles, the values obtained using B3LYP method with with a variety of basis sets are listed in Table 1 . The calculated bond angles of C 13 H 13 N 3 O 2 cluster are in close agreement with those of experimental data which provided by Subramanian et al. [7] . Using the B3LYP approach with a variety of basis sets (6-31G, 6-31++G, 6-31G**, 6-31++G**, 6-311G, 6-311++G, 6-311G**, and 6-311++G**), the computed values of bond angles are only less than 1% compared to the experimental results [7] . A similar trend may be observed in the case of the dihedral angles of C 13 H 13 N 3 O 2 cluster model. The values of dihedral angles obtained are very close to the experimental values, which are only 0.1% different with those of experimental data [7] . The total energies and HOMO-LUMO gaps obtained at B3LYP level of theory, respectively are presented in Table 2 . The table shows that the calculated total energies of the C 13 H 13 N 3 O 2 cluster fall in the range -22248.10 eV to -22261.01 eV. By DFT calculations using Gaussian 09 software program, it can be observed from the table that as the zero energy is chosen to be corresponding to that of the 6-311++G** basis set (-22261.01 eV), the calculated total energy values of the 6-31G, 6-31++G, 6-31G**, 6-31++G**, 6-311G, 6-311G**, and 6-311++G** basis sets, respectively are only 0.01% -0.06% higher than the basis set of 6-311++G**. In Table  2 , the HOMO-LUMO energy gaps of C 13 H 13 N 3 O 2 cluster are also reported. According to the data in the table, the HOMO-LUMO energy gap values are found in the range of 4.39 eV -4.47 eV using B3LYP method with a variety of basis sets (6-31G, 6-31++G, 6-31G**, 6-31++G**, 6-311G, 6-311++G, 6-311G**, and 6-311++G**). In addition, it can also been seen that the computed values obtained are close to each other.
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Summary
In this reported, all calculations were performed using the Gaussian 09 program package. For the geometric parameters of C 13 H 13 N 3 O 2 cluster, the calculated results obtained are consistent with the experimental data. Using B3LYP method with a variety of basis sets, the computed energies obtained are very close to each other. In addition, the charges on the oxygen-attached carbon, C 2 atom was also calculated to be about +0.59, while the charge on O 1 and O 2 atoms are about -0.52 and -0.46, respectively at B3LYP/6-31G** level of theory. Further investigations are currently being carried out to study the effects of cluster size on C 13 H 13 N 3 O 2 molecular system.
